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Abstract Long head of the biceps (LHB) is an intra-

articular tendon component of the shoulder joint. The

function of this tendon is complex. First, it is an origin of

flexion in upper limb, and second it plays role in joint

stabilisation during shoulder movements. Histological type

of tendon tissues is connective tissue. The mechanical

behaviour of connective tissue is primarily determined by

the composition and organisation of collagens. In tendons,

type I collagen is the principal structural element of the

extracellular matrix, which acts to transmit force between

bones or bone and muscle. Owing to the special localisa-

tion of this tendon, the intra-articular mechanical forces

affect it to a considerable extent. The LHB is known as a

source of pain in pathologic states of the shoulder joint.

The goal of this study was to establish the calorimetric

standards of the LHB in different ages, and to observe the

changes of thermal properties of collagen during lifetime.

LHB samples were taken from 38 cadavers (between ages

0 and 90 years) without macroscopic sign of shoulder

pathology. DSC analyses were performed with SETARAM

Micro DSC-II. The thermal denaturation parameters varied

between Tm (�C): 57, DH (J/g): 0.26 (age: 0 year) and Tm

(�C): 62.92, DH (J/g): 1.28 (age: 90 years). The ageing of

collagenous tendon tissue can be clearly followed in

changes of thermal denaturation properties. The knowledge

of the ageing of normal collagen provides a good basis to

analyse further the LHB pathology.
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Introduction

The long head of the biceps (LHB) tendon is often involved

in degenerative pathology in shoulder disorders. It has been

suspected as a source of clinical symptoms [1]. Degener-

ative changes in the tendon occurred mainly in the distal

bicipital groove and near to the origin of the tendon from

the superior part of the glenoid labrum [2]. Age-related or

degenerative changes seem to predispose lesions that are

important source of shoulder pain. These could be detected

mostly after middle age.

Histological type of tendons tissue is connective tissue.

Connective tissue’s mechanical behaviour is primarily

determined by the composition and organisation of col-

lagens. In tendons, type I collagen is the principal struc-

tural element of the extracellular matrix, which acts to

transmit force between bones or bone and muscle [3]. The

covalent cross-linking of collagen molecules in connec-

tive tissues, such as in tendon is essential for proper tissue

function.

G. Bognár

Department of Surgery, Veszprém County Hospital, Veszprém,

Hungary

I. Szabó
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Increased cross-link concentration and a change in the

quality and type of the cross-linking and tissue hydration

are observed with maturation, and a further increase occurs

with ageing of mature tissue by non-enzymatic glycation

cross-linking [4]. Arnesen et al. found in tendons the

increase in collagen cross-linking and in total amount of

collagen during the ageing. It leads to a decline in both its

flexibility and its ability to heal after an injury [5].

Differential scanning calorimetric (DSC) examination is

a well-known method for the demonstration of thermal

consequences of collagen ageing [6].

The purpose of this cadaveric study was to establish the

changes in thermal characteristic of the LHB tendon during

ageing.

Materials and methods

Sample preparation

All the samples were obtained during autopsy within 24 h

post-mortem, with standard methods. We dissected the

shoulder and the rotator cuff carefully, the rotator cuff

lesions were evaluated, and the intra-articular portion of

the LHB near to the bicipital groove was removed for the

DSC examination. The cadavers with macroscopic signs of

rotator cuff pathology, or systemic metabolic disease such

as diabetes as well as anamnesis of systemic corticosteroid

medication were excluded from this study. Samples from

41 dissected cadavers fulfilled these requirements (age: 0–

90 years). Our activities were done under the proper law

paragraphs and valid permission.

DSC measurements

For the DSC examination, the samples were washed three

times in PBS (sterile phosphate-buffer saline, pH 7.4) to

eliminate tissue remnants. Samples were then put into

RPMI-1640 solutions (SIGMA) containing 10% foetal

bovine serum (HYCLONE Laboratories), antibiotic solu-

tion (1 U/mL penicillin, streptomycin, gentamycin and

fungisone, GIBCO Laboratories), nonessential amino acids

(GIBCO) and sodium carbonate. All the individual samples

were stored separately at 4 �C, no longer than 48 h, before

they were subjected to calorimetric measurements. The

samples were monitored by a SETARAM Micro DSC-II

calorimeter. All the experiments were conducted between 0

and 100 �C. The heating rate was 0.3 K/min in all the

cases. Conventional Hastelloy batch vessels were used

during the denaturation experiments with 850-lL sample

volume (tendons plus buffer) in average. Typical tendon

wet masses for calorimetric experiments varied between

200 and 250 mg (in the case of foetal samples between 70

and 100 mg). RPMI-1640 solution was used as a reference

sample. The sample and reference vessels were equili-

brated with a precision of ±0.1 mg. There was no need to

do any correction from the point of view of heat capacity

between sample and reference vessels. The scan of RPMI-

1640 solution was used as baseline reference, which was

subtracted from the original DSC curve. Calorimetric

enthalpy was calculated from the area under the heat

absorption curve by using two-point setting SETARAM

peak integration.

Results

All of the dissected samples showed a typical one peak

denaturation curve of collagen connective tissues depending

on whether they were prepared from healthy or degenerated

samples (Figs. 1, 2). The melting points varied from 56.43 to

66.41 �C. Figure 3 shows the changes of the melting tem-

peratures (Tm) in function of the age (years). We could fit on

the Tm–years data a sigmoid curve. The melting tempera-

tures rise boldly from 56.43 to 63.43 �C (No. of samples: 8)

in the age interval of 0–35 years. From 35 to 90 years, an

increasing spread is characteristic for the main transition

temperatures (No. of samples: 33). Figure 4 represents the

calorimetric enthalpy changes (J/g) during the denaturation

as the function of the age. The enthalpies show high

spreading. A polynomial of fourth degree could be fit to the

measured values, with a peak at 51 years, with calorimetric

enthalpy of 6 J/g (normalised to the wet mass). Taking into

consideration the water and dry material content of the

tendon samples, this value is in a good coincidence with

calorimetric enthalpies measured in case of dried collagens.

Our calorimetric enthalpy, at first look, seems to be very
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Fig. 1 Typical denaturation curve of collagen (dissected from a

foetal cadaver)
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small in case of control tendons compared with the recent

data of literature [7]. This could be the consequence of

the different heating rates at first (in our experiments it is

0.3 K/min, while in [7] it is 5 K/min), and secondly, we have

normalised on the wet sample mass. If one takes into con-

sideration that the intact Achilles tendon contains about

60% water and the collagen content is only 80% of dry mass

[8], our results lay in the range of the published data.

Discussion

There is a powerful evidence to show that shoulder disor-

ders occur with age [9]. DePalma showed that the frequency

of shoulder pathology increased with age [10]. Ozaki et al.

showed a direct correlation between age and incidence of

shoulder disorder; 38% of disorders in case of cadavers

could be observed in the sixth decade, and it is rising to 80%

in the ninth and 10th decades [11]. Sher and Uribe found a

rising prevalence of shoulder disorder with ageing in the

asymptomatic living population using MRI scanning [12].

Bunker et al. showed that many of pathologic states are

asymptomatic, and it is still not clear why some are painful

and some are not [13]. Chard et al. showed that degenera-

tive changes are commonly found in many cadavers with no

prehistory of shoulder pain [14]. Degenerative changes of

the biceps tendon occurred in the distal bicipital groove and

near to the origin of the tendon from the superior part of the

glenoid labrum [2].

Arnesen et al. found in tendons the increase in collagen

cross-linking and in total amount of collagen during the

ageing [5]. The covalent cross-linking of collagen mole-

cules in connective tissues, such as tendon, is essential for

proper tissue function. The intermolecular and intramo-

lecular cross-links make the fibre suitable to transmit force

between bones or bone and muscle, respectively [3].

Increased cross-link concentration and a change in the

quality and type of the cross-linking and tissue hydration

are observed with maturation, and a further increase occurs

with ageing of mature tissue due to non-enzymatic glyca-

tion cross-linking [4]. The accumulation of increased

concentration of mature cross-links with age is associated

with a marked increase of thermal stability [15]. The

experiment of Horgan et al. has demonstrated that

increased temperature stability of collagen in cross-linked

fibres is determined mainly by the intrafibrillar water

content. Cross-linking causes dehydration of the fibres, and
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it is the reduced hydration that caused the increased tem-

perature stability [15]. The increase in denaturation tem-

perature following cross-linking of collagen is caused by

dehydration of the fibres [16]. The high enthalpy of

unfolding of collagen is thought to derive mainly from the

breaking of the hydrogen bonds forming the hydration

network around the collagen molecule [17].

To the best knowledge of the authors, there is no pub-

lished study about the thermal characteristic of LHB age-

ing. These authors’ data demonstrate the effect of ageing

on the thermal properties of LHB. Although LHB is often

affected in pathological processes because of its special

anatomical course, the ageing of intact LHB shows typical

thermal property change of collagen ageing. From 0 to

35 years, we can see that the melting temperatures rise

boldly from 56.43 to 63.43 �C. This may be a result of

maturation and increasing concentration of mature collagen

cross-links. From 35 to 90 years, an increasing spread in

the melting temperatures is characteristic, which could be

the structural consequence of the rising prevalence of

shoulder disorders, which could be manifested as pain too

(Fig. 3). The observed enormous spread in the calorimetric

enthalpy (see Fig. 4) appears also above 35 years, so it

could be the manifestation of the same effect which could

be responsible for the ‘saturation’ and spread of melting

temperatures. During the ageing of the collagen tissue,

there is an appearance of Type III collagen, and its melting

temperature and enthalpy differ from the normal collagen

data. On the contrary, in the ageing of the connective tis-

sue, there is a clear mucoid and lipoid degeneration (which

could demonstrate with histological examination too),

which could influence these thermal parameters.

The limitations of this study are that there are a low

number of samples under the third decade (this is a con-

sequence of the age distribution of cadavers), and the

interpretation of thermal changes is not confirmed by bio-

chemical analysis.

The established data of thermal properties of normal

LHB collagen ageing serve a basis for a comparison and

interpretation of the different pathological states.

Acknowledgements SETARAM Micro DSC-II used in experi-

ments was purchased by CO-272 (OTKA).

References

1. Paynter KS. Disorders of the long head of the biceps tendon. Phys

Med Rehabil Clin N Am. 2004;15:511–28.

2. Refior HJ, Sowa D. Long tendon of the biceps brachii: sites of

predilection for degenerative lesions. J Should Elb Surg. 1995;4:

436–40.

3. Provenzano PP, Vanderby R Jr. Collagen fibril morphology and

organization: implications for force transmission in ligament and

tendon. Matrix Biol. 2006;25:71–84.

4. Bailey AJ, Paul RG, Knott L. Mechanisms of maturation and

ageing of collagen. Mech Ageing Dev. 1998;106:1–56.

5. Arnesen SM, Lawson MA. Age-related changes in focal adhe-

sions lead to altered cell behavior in tendon fibroblasts. Mech

Ageing Dev. 2006;127:726–32.

6. Flandin F, Buffevant C, Herbage D. A differential scanning

calorimetry analysis of the age-related changes in the thermal

stability of rat skin collagen. Biochim Biophys Acta. 1984;791:

205–11.

7. Willett TL, Labow RS, Lee JM. Mechanical overload decreases

the thermal stability of collagen in an in vitro tensile overload

tendon model. J Orthop Res. 2008;26:1605–10.

8. Willett TL, Labow RS, Avery NC, Lee JM. Increased proteolysis

of collagen in an in vitro tensile overload model. Ann Biomed

Eng. 2007;35:1961–72.

9. Bunker T. Rotator cuff disease. Curr Orthop. 2002;16:223–33.

10. DePalma AF. Surgery of the shoulder. Philadelphia: J. B. Lip-

pincott; 1973.

11. Ozaki J, Fujimoto S, Nakagawa Y, Mashura K, Tamai S. Tears of

the rotator cuff of the shoulder associated with pathological

changes in the acromion. A study in cadavera. J Bone Joint Surg.

1988;70:1224–30.

12. Sher JS, Uribe JW, Posada A, Murphy BJ, Zlatkin MB. Abnormal

findings on magnetic resonance images of asymptomatic shoul-

ders. J Bone Joint Surg Am. 1995;77:10–5.

13. Bunker T, Esler C, Leach WJ. Rotator-cuff tear of the hip. Bone

Joint Surg. 1997;79:618–23.

14. Riley GP, Harrall RL, Constant CR, Chard MD, Cawston TE,

Hazleman BL. Glycosaminoglycans of human rotator cuff ten-

dons: changes with age and in chronic rotator cuff tendinitis. Ann

Rheum Dis. 1994;53:367–76.

15. Horgan DJ, King NL, Kurth LB, Kuypers R. Collagen crosslinks

and their relationship to the thermal properties of calf tendons.

Arch Biochem Biophys. 1990;281:21–5.

16. Miles CA, Avery NC, Rodin VV, Bailey AJ. The increase in

denaturation temperature following cross-linking of collagen is

caused by dehydration of the fibres. J Mol Biol. 2005;346:551–6.

17. Privalov PL. Stability of proteins, Proteins which do not present a

single cooperative system. Adv Protein Chem. 1982;35:1–104.

68 G. Bognár et al.

123


	Changes in thermal denaturation properties of the long head of the biceps during lifetime
	Abstract
	Introduction
	Materials and methods
	Sample preparation
	DSC measurements

	Results
	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


